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Abstract: With the implementation of the two-child policy and the growing demand for child health, pediatric
medication has been arousing widespread social concern. To develop the drugs suitable for children, including new
compounds, new specifications and new dosage forms, is urgently required for pharmaceutical researchers. In this
review, several technical bottlenecks for pediatric oral liquid preparations, as well as the novel strategies involved
in drug nanocrystals, self-microemulsion, ion exchange resin and Pickering emulsion were discussed, which may
be benefit to play a theoretical guiding role in the research and development of children's oral liquid formulation.

Key words: oral drug administration; pediatrics; liquid pharmaceutical preparation; emulsion; ion exchange

resin

It A 0 R IR B 1) S 2 24 T AR T A
KR, )L 24 e sz BIRORER Tz A . AR
KT R HE SR, 2019 R E 0~14 5 1) )LFE BN
2924 2.344, &8 N T ECE 1 16.8%M, & — AN PE K

Wik H 391 2020-07-19;  f&1m] H #1: 2020-08-29.

FATH E R E KL R E KL TR B H (2018Z2X0972100
3-004).

*JEHAF # Tel: 86-10-59612380, E-mail: jg_k@ sina.com;
Tel: 86-10-82805932, E-mail: wang-jc@bjmu.edu.cn

DOI: 10.16438/j.0513-4870.2020-1196

N EBEAR . SR, DL B3 )L 28 F 245 0 AR 3™ 5
(1) A 8 B2 R g, fE IR EBLA 1 3 500 43 Fl 24 5
A, B AR IR 1)L B 2500 60 R P, AN (5 A2
il ) PR 0 .79, R, FREDLEH R AEARR
JSE PR AT SR v I R 20 AN R s 0 4 4R
(2019 4F)) o, 2019 4E 2 fl AN R SL/ AR 2
145 LR JLE #EE 5 10.2% (N T 1% N 2.5%, 1~4 %
N 3.3%, 5~14 % N 4.4%) B, [ %f IX FlOT UG f R T
TR 2 A0 B L E A e 25 % TAE#H 24 %



MR #84E )L2E I RV 24 1 750 0 B3R R i B AT B S 23 A - 130 -

ZEe
1 LESESSERARR

JLEE FE —ANRFIR IO 25 N, AN 2 “ i /N B 1
No JLERIPUAR RG-S 8B IR MR EE, MR
GimiARsE 4. K, JLER AR BRI,
Hrt e ) BN ZE, LU E 5 RAE A R IR
7T, B AR — 8 25 W A RN W R I b B RCR A5 2
W€, H2 ) LE M 258 BT e 5 R e e AN . Hil
DR R SR 250 P ORI YD 2, BRRAE RN 24 B
BAT RUFIPUE R, B L R, Hoaxt
U3 B B3, S A T XX R D
252 T AR B AN B ELECRE BN 1 ] 24 5 3 AT ] 3 4 B
Jage JLEAL R, 5 BT 0 ) LB A AR PR R AT 24
Wit

JUEE B AR — N e 2t A R, AN A ZE KB
Bty )L B B IS [R] 80 A BN BERR 5, OF B2 R
RO Rk, fEILE YT R LR, & 2% B R
AN S BOMURY A 2E B 2 KR 0 A 25 B 255 mE i
AR B, AR YR LB A K OR B RIS AT AL IR R
F R 0~18 S Y JLE N RI N 6K (77 L BT
JUBU AR T L 22 )L E AN D 4E). RLIEE
TR BUR L ) A BRRR AT LR R &
.

ANHE AT, A 1 7 e T B A AR 23 7R R T
FEAERF L, UG T2 R R BU L3 83, [R)IN A2
fiE R B2 KRR LE X KE bR B, /£
JUEE 25U, IR B 1 7504 35 R R e PR 5 5K

2 )LER OBR& A ST A1 PR 58 A BHK

BRI A 1) 00 7E L B8 24 4003 R Ak
A SR, B R AT A IR LR O ARV AR R B B AR IR R
o MRHE 2013 4 3 B AT 0 o B S Ak 5 - L E
B, oA LB TR 24 ) 550 3 775 B, 0 R 9 A o 7
(1 IR W) S VR A7) B 70 L7 S Y 5 R B 7)) 9 24
Wi R A 112 R, AN 5 HE 14.4%, K2 502598 2 DA
PR BB O 7 IR ZEFSE) N E, ShZ HIEE S L
AR IR BRI A . AN, M BT A E 5 (58
B WK 25), B AT IR E LB O IR A 1 55 T R KT
FEXTV& G, V2 )L EE o F 24 18 At 3 A 0 R A 11 551,
2T B4 )L F 25 1 P Ak 01 RS R B

P T DL, IR R B L 11 AR A 1) 751 e A e
F B R AG B FHEAS WL, VR 2 L 25 M R T K
22 A R IR AR R R . AT IR IRE T LR L
B @ ENLRRF LA AN R /b 7E 42 [E 6 000 42
FHjh, JLE L HA M4 AE 10 R 5K, 3 H
JLEE 2591570 77 1R I RN I LA =5 @) Ak
T e A ME FE R {5 P 24 W #1030 RS A o)
7, X T ERAT KRBT T A&, BrHARFBR5]
N @ il 7)o oK e )L AR R R R 2
B PE 3 — PSS R AR S @ I IR
56 R e ASR] T B AE N 29 il R i, Hh T 52 246 22
TH A DR 2% () sz e, A6 A5 )L B I R 5 52 i 1 55
BN
3 JLE O BRI IARHIFIA R AR = R & SRR

gty )LEE F 25 IR R 1  BRORE 245 4k 2 iR % |
FB M 7 55 2 Bl R 2R 5 B8, 20 1) L 0 AR o 1) 57

Table 1 Physiological characteristics and suitable dosage form for children

Category Age Physiological characteristics Suitable dosage form
Premature Less than 37 weeks gestational age  Larger area of skin and mucous membrane Injection; transdermal patch;
Neonate 0-27 days than that of adults; poor swallowing ability ~ suppository
Infant 1-24 months Prefer to swallow liquid drug Injection; transdermal patch;
suppository; oral solution
Pre-school children  2-5 years Able to swallow some viscous liquid or Injection; oral solution
semi-solid drug
School-age children  6-11 years Able to swallow solid drug Injection; tablet; capsule; oral solution
Teenager 12-18 years Strong swallowing ability; suitable for Tablet; capsule; oral solution

most of adult dosage forms

Table 2 New pediatric oral liquid dosage forms of several pediatric medicine

A . L Oral dosage Manufacturing Date of
Active ingredient Indication . . New oral dosage form
forms in China country approval
Metformin hydrochloride Diabetes Tablet, capsule  Extended-release suspension India 2019
Spironolactone Edema disease Tablet Suspension UK 2017
Mercaptopurine Acute lymphoblastic leukemia Tablet Suspension Switzerland 2014
Sulfasalazine Inflammatory bowel disease Tablet, capsule  Suspension UK 2008
Omeprazole Gastric ulcer Tablet Powder for oral suspension USA 2004
Furosemide Edema disease Tablet Oral solution UK 1998
Isoniazid Tuberculosis Tablet Syrup USA 1983
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Table 3 Examples of solubilization methods of pediatric oral liquid preparations

Drug Solubilization

Remark

Haloperidol oral solution pH adjustment
Lasix®, Frusol® (furosemide oral solution) pH adjustment
Diazepam oral solution Co-solvent
Digoxin oral solution Co-solvent
Motrin™ (ibuprofen suspension)
Clindamycin suspension granules

Solubility increased by adjusting pH to 3.0-3.6 through adding S-lactic acid
Solubility increased by adjusting pH to 9.1-9.4 through adding NaOH
Water-polyethylene glycol-propylene glycol co-solvent system
Water-ethanol (10%) co-solvent system

Solubilization of surfactant Tween 80 used as wetting agent

Solubilization of surfactant Pluronic F68 used as wetting agent
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Table 4 Excipients that have potential adverse effects on children

JB FEHNST (¥ BT A B 32 B AR R, R LA
FH BRG0P 82 72 . 2020 4, Arbor i 25 F & 1 — i Jé
B IR NYMALIZE™, H4b 75 v DLEE 2 A
HMAE A R B A AT e ST AR K R e
RO FEFEWRE (Wiv) N 60%~70%, H i i & ik
FE (Wiv) 29 40%~50%. il £3 1] J& S 3 ~F 3 71 AN AR
J5 {8 )L E A4S, 1M HAE 40 °C . 75% FHAHEE N, 34 H
FAE /N T 5% 250 R A B R, B35 s T i%2
VI 2 A e TR,

Skt 5 A S = ACR B &, P ORI,
FEH TR LEM EIPRIE B G SO K 28 A
it 98 S IR AT o AH T Sk AR T i 1K VR E
22, T B 1 Sk A v i 100 o) 790388 5 g e 7 S RO 71 AT
TR SE E A ). &R CN101721363A AJF T —
Folt Sk A 5 i AR 7K TR B 1) 8 7 VAR %Ak 5 ik F 22 2
BB AR 5 K ) % VR BTN . AR s B B R 4
K30 I B3 & 10 22 28 B I b B P A, PN B A
FHEJBIAE LB TN RS, AR A Y50 5 1
NSk A T ok, v T R 2 BOA A1 R T AR TK TR B
Y L NS & N T PR I R LN Pl =t
EVE, I HLH T 22 2 B I LA R, ) TR R
BT, REREAG R 55 Sk A 5 5 1O R RIE
3.3 HRZREMEIM

A ) R L AT TAE R Ep 2 HE . B
BHE 2P 700 (1) B LR 43, (E 257 Hh R 45 E
MFER o A2 )L D IRIBAA I ), o 1 {45 245 B 4
VT K B A AR e M R ETR, AR AR N —
S 5 1) I R T TR R R € 28 A A R, T O A e
Al REE ) LEE A 24 1ok F rp il B RN P AE AR R
SN, T B R e . R 4RI T S IR
PR AT BEXT JLZE P AR AN R OB (R AR 4 2433
3.3.1 BREFIBRBAR L O R A ) 7

Excipient Function category

Adverse effect

Benzyl alcohol Preservative

Headache, nausea, diarrhoea, metabolic acidosis, seizures; hypersensitivity; severe

toxic syndrome in premature infants; risk of hyper bilirubinaemia in neonatest!

Propylparaben Preservative

Propylene glycol Solvent
Ethanol Solvent
Polyethylene glycol Solvent

Polysorbate 80
Colloidal anhydrous silica

Solubilizer, emulsifying agent
Suspending agent, stabilizer

Risk of hyper bilirubinaemia in neonates?®!

Cardiovascular, hepatic, respiratory adverse events in high dosel?”

CNS depression, chronic toxicity®

Hypersensitivity reactions, hyperosmolarity, metabolic acidosis®?*!

Inhibition of P-glycoprotein with potential effects on drug-drug interactions!?*)
Induce sarcoidosist!

High risk of contribution to the development of attention deficit hyperactivity

disorder (ADHD) in children(!

Induce gastrointestinal diseasel?”
Used in caution for children with phenylketonuria due to the increase in blood

concentration of phenylalaninet®?

Artificial colorant Colorant

Sorbitol Sweeteners
Aspartame Sweeteners
Saccharin Sweeteners

Used in caution for children allergy to sulfonamides!®!
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Figure 1  Structure of surfactant-based emulsion (A) and Picker-

ing emulsion (B)
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Figure 2 Schematic illustration of ADZENYS ER (amphet-

amine) oral extended release suspension
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